INTRODUCTION
Nosocomial infections are mostcommonly encountered in intensive care units (ICUs). Acinetobacter baumannii has been increasingly reported as a significant causative organism of various nosocomial infections, including pneumonia, sepsis, wound infection, urinary tract infection, and post-neurosurgical meningitis, especially among critically ill patients in ICUs (1, 2) . A. baumannii is able to survive for long periods on dry surfaces, and this ability to tolerate desiccation (3), as well as development of multi-drug resistance within the strain, may contribute to its persistence in hospitals (4, 5) . Carbapenems are usually the antimicrobial agents of choice for treating serious A. baumannii infections, but resistance to these compounds is increasing worldwide and, in some instances, is associated with high morbidity and mortality rates (6, 7) . Outbreaks of nosocomial infections due to infection with carbapenem-resistant A. baumannii (CRAB) have been described previously (8, 9) . Risk factors associated with CRAB acquisitions include antibiotic exposure, length of stay in an ICU, mechanical ventilation, and being housed in a trauma ICU (10) (11) (12) . Investigations of several outbreaks of CRAB infection have implicated contamination of the inanimate hospital environment and person-to-person contact in the spread of these carbapenem-resistant strains during hospital outbreaks (8, 13) . The application of meticulous environmental decontamination and strict adherence to infection control practices are vital to interrupting transmission, but in some outbreaks the complete closure of units has been necessary (8, 14) .
From October 2007 through July 2008, in the two ICUs of Korea University Ansan Hospital, Ansan-si, Korea, an increased number of infections or colonizations due to CRAB strains was noted. In this study, we describe the outbreak of CRAB in the two ICUs and the infection control program that proved successful in reducing the spread of CRAB.
MATERIALS AND METHODS

Hospital setting
Korea University Ansan Hospital is a 609-bed teaching hospital that houses two ICUs: an 18-bed medical intensive care unit (MICU) that has two single isolation rooms and an 18-bed surgical intensive care unit (SICU) that has one single isolation room. The two ICUs are on the same floor, but are separated from one another.
Case definition
Patients with at least one clinical sample positive for CRAB were defined as cases of CRAB colonization or infection. Clinical episodes of colonization or infection were considered only if the specimen for culture was acquired 48 hr after ICU admission. Nosocomial infections were identified on the basis of the standard Centers for Disease Control and Prevention (CDC) definitions (15) . Isolates resistant to imipenem and meropenem (minimum inhibitory concentration >8 mg/L) were considered carbapenem-resistant regardless of their susceptibility to other antibiotics. All patients infected or colonized with CRAB over the outbreak period were included in the study.
Culture surveillance and microbiological methods
Samples were obtained from the surroundings of patients infected or colonized with CRAB, including bed rails, bedside tables, infusion pumps, blood pressure cuffs, external surfaces of the endotracheal tubes of all patients receiving mechanical ventilation, ventilator control panels, and condensate formed in the inspiratory phase tubing of the ventilator circuits. A total of 135 swab samples were taken from the environment of patients infected or colonized with CRAB. The hands of health care workers (HCWs), including doctors, nurses, and nursing aides, were also sampled to assess the potential of hand carriage, given the multiple contacts with ventilators and other patient-care items. A total of 65 staff members were screened, including two doctors, 47 nurses, and 16 nursing aides.
Samples were taken using sterile cotton-tipped swabs moistened with sterile distilled water. They were immediately inoculated onto 5% sheep blood agar plates and incubated overnight in air at 37°C.
During the study period, various clinical samples (e.g., blood, tracheal secretions, wounds, drainage fluid, and urine) were also regularly obtained for culture from all patients. All isolates underwent species identification and antibiotic susceptibility testing using a MicroScan automated instrument (Dade Behring, West Sacramento, CA, USA).
Molecular typing
The genetic relationships of the CRAB isolates were analyzed using pulse-field gel electrophoresis (PFGE) (16) . Chromosomal DNA from A. baumannii was prepared in agarose blocks and was cleaved with ApaI. Electrophoresis was performed with the CHEF DR II system (Bio-Rad, Hercules, CA, USA) in 0.5× TBE buffer. The electrophoretic conditions were 6 V/cm at 12-14°C, with altering pulses at 120° in a 5-15 sec gradient for 10 hr and then a 15-45 sec gradient for 15 hr. The Lambda Ladder Standard (New England Biolabs, Ipswich, MA, USA) was used as a size marker, and band images were captured using the Molecular Imager Gel Doc XR system (Bio-Rad). Electrokaryotypes were compared and classified using the following criteria: identical bands, isolate is part of outbreak; differences in 2-3 bands, isolate is probably part of the outbreak; differences in 4-6 bands, the isolate is possibly part of the outbreak; and differences in more than 7 bands, the isolate is unrelated to the outbreak (17) .
Review of the research plan
This study was performed with approval of the Institutional Review Board (IRB) of Korea University Ansan Hospital (IRB No.: AS 09089), and consent was waived.
RESULTS
Outbreak description
In October 2007, the number of new cases of CRAB colonization/ infection in the ICUs increased to four cases per month (3.39 cases per 100 new ICU admissions per month) (Fig. 1) . Because the number of new cases of CRAB colonization/infection in the ICUs was zero to two per month (0-1.54 cases per 100 new admissions to the ICUs per month) during the nine-month period from January to September 2007, the increase in CRAB colonizations/infections was defined as an outbreak. The index case was a 57-yr-old female patient who had been hospitalized in the general ward for ten days before being admitted to the MICU with septic shock and pneumonia following an operation for a burst fracture of the C6 vertebra and spondylodiscitis of the C5-6 intervertebral disc. The patient shared a nursing staff with the second case. During the outbreak period (from October 2007 through July 2008), a total of 204 specimens from 57 patients were positive for CRAB: 42 MICU patients and 15 SICU patients. The incidence of CRAB colonization/infection was 38.6 cases per 1,000 ICU patients. The mean age of the affected patients was 59.09±20.65 yr (range 1-83) and 41 (71.9%) of the patients were male. The average length of stay in the ICUs before isolation of CRAB was 7.98 ±6.08 days (range 2-26). Among the 204 CRAB isolates, 155 (76.0 %) were recovered from the respiratory tract, 21 (10.3%) from blood, seven (3.4%) from wounds, four (2.0%) from hemovac, three (1.5%) from urine, and 14 (6.9%) from other specimens.
Clinical impact of the outbreak
Among the affected patients (n=57), 19 (33.3%) patients were diagnosed as being truly infected with CRAB: 17 (89.4%) had pneumonia, one (5.3%) had peritonitis, and one (5.3%) had a pancreatic pseudocyst infection. Three patients also had bacteremia with CRAB. Among the patients who were colonized or infected with CRAB, 20 (35.1%) died during hospitalization, and four patients were presumed to have died due to CRAB infection, producing a case-fatality rate of CRAB infection of 21.1%. In 2007, before the outbreak occurred, the overall mortality rate in both ICUs was 8.2%. During the CRAB outbreak, the mortality rate increased to 9.9%.
Microbiological investigation of the environment and HCWs
Twenty-four (17.9%) of the 135 environmental screening samples were positive for CRAB (Table 1) , which was isolated from all of the types of environmental reservoirs tested, except infusion pumps. The hands of seven of the 65 HCWs (10.9%; five nurses and two nursing aides) were positive for CRAB; the two doctors were negative for CRAB.
Susceptibility patterns and molecular typing of the isolates
All of the isolates were resistant to imipenem and meropenem. The isolates from 15 patients were resistant to all kinds of antibiotics except colistin, and the isolates from 42 patients were resistant or intermediately susceptible to ampicillin/sulbactam, amikacin, tobramycin, ceftazidime, cefepime, ciprofloxacin, or trimethoprim/sulfamethoxazol.
The PFGE patterns for the isolates are presented in Fig. 2 . Pulsed field gel electrophoresis analysis grouped the isolates into three distinct clonal types, with one of them containing two subtypes. This PFGE patterns showed that the isolates taken from patients, from the hands of health care workers, and from the ward environment were genetically related and so were considered to be involved in the outbreak. The data suggest that type A1 CRAB was probably the major causative organism of the outbreak.
Outbreak control measures
During the outbreak, an outbreak control team was organized and included infectious disease physicians, an infection control The first outbreak control strategy was to prevent the handborne transmission of CRAB via HCWs through strict contact precautions. The second strategy was to reduce environmental contamination by cleaning all areas of the ward environment including the equipment. The third strategy was to prevent transmission and environmental contamination of CRAB during endotracheal suctioning by use of a closed-suctioning system. Education was provided for all staff in both ICUs, emphasizing the importance of hand hygiene and of controlling environmental contamination.
According to the strategies, all affected patients were isolated in single rooms or cohort areas with strict contact precautions. Disposable gowns and gloves were introduced for all HCWs caring for the affected patients, and only the minimum number of staff members required for patient care was allowed to enter the affected rooms. Any member of the nursing staff that was caring for affected patients was not allowed to care for any unaffected patients. Contact precautions were continued until two negative cultures were reported with a one-week interval. When a patient left an ICU, areas where the affected patient had been were thoroughly cleaned and disinfected, and new patients were admitted to the areas only if the environmental samples were confirmed to be negative for CRAB.
The environment of the ICU and the surrounding areas were cleaned thoroughly with 100 ppm sodium dichloroisocyanurate. A higher concentration (200 ppm) was used to clean the environment in which the CRAB patients were hospitalized.
Because CRAB was isolated from the respiratory tract in most cases, the improper technique of open-suctioning was presumed to be the main cause of environmental contamination. A closed-suctioning system was introduced for all patients receiving mechanical ventilation, and for those who did not receive mechanical ventilation, new guidelines for aseptic techniques of open suctioning were introduced.
The hospital has a computerized antibiotic prescription system with a restriction policy for the use of specific agents including imipenem and meropenem so that prescription of either drug requires approval from infectious disease specialists. During the period of the outbreak, prudent use of antibiotics in the ICU was emphasized while maintaining the antibiotic policy.
Results of outbreak control measures
The number of newly diagnosed cases per month increased to a maximum of 17 in March 2008 and began to decrease after the introduction of outbreak control measures. By August 2008, there were no new cases of CRAB colonization or infection in either ICU.
DISCUSSION
An outbreak is defined as an increase in the number of infections caused by a particular pathogen above baseline levels (18) . The rise in rates of a particular pathogen may be due to lapses in infection control measures, resulting in an increase in crosstransmission between patients (19) . Outbreaks of multidrug-resistant A. baumannii strains in ICUs have been described previously (8, 10, 14) , and several of these studies reported that environmental contamination and hand carriage by HCWs were the main sources of transmission of this bacteria during the outbreaks. Acinetobacter spp. can stay alive on dry surfaces or in environmental samples for months and, thus, have a high potential to spread (20, 21) . Furthermore, dissemination of this pathogen is facilitated by high colonization rates among hospitalized patients and frequent contamination of the hands of HCWs (10, 14) .
In the ICU outbreak reported here, microbiological investigations of the patients' immediate environment and hands of HCWs showed extensive CRAB contamination. Moreover, molecular testing showed that CRAB isolates of the same genotype were recovered from the clinical and environmental samples as well as from HCWs' hands. These data indicate that the patientto-patient cross transmission of CRAB was related to contact with contaminated items in the environment and to transient colonization of HCWs' hands. Moreover, these data support the view that infection control measures for CRAB require multifactorial implementation of specific control measures, strict adherence to infection control precautions for patients and HCWs, application of meticulous environmental decontamination, and use of a closed-suctioning for intubated patients.
In the current outbreak, the spread of CRAB was presumed to be mainly through HCWs' hands and the environment. Although CRAB was isolated only from nurses and nursing aides, doctors could also have been the source of transmission. The two ICUs are located on separate areas of the same floor, with nurses and nursing aides being limited to only one or the other ICU. Therefore, the spread of CRAB between the two ICUs could not be explained by only hand carriage by nurses or nursing aides. Unlike the nurses and nursing aides, doctors care for patients in both ICUs and so could have been a conduit of transmission of CRAB. Similarly, other HCWs such as medical technologists, radiological technologists, or physical therapists who care for patients in both ICUs could have been a source of transmission. These findings indicate that the most important strategy in the control of an outbreak is to follow strict contact precautions.
The main clinical diagnosis of CRAB infection in this outbreak was pneumonia. This observation was the reason why we introduced the closed-suctioning system for control of the outbreak. The effect of the closed-suctioning system for prevention of ventilator-associated pneumonia still remains controversial, though a few studies have reported that this type of system reduces the risk of respiratory infection (22) . However, a closed-suctioning system can decrease environmental contamination (23, 24) and has been recommended as a measure for the control of multidrug-resistant A. baumannii (25) . Although we could not assess the true effect of the closed-suctioning system for prevention of CRAB pneumonia, it is possible that it was helpful in decreasing environmental contamination and patient-to-patient transmission of CRAB.
In some previous studies, complete closure of units was necessary to control outbreaks (8, 14) . However, closing the ICUs during the outbreak in this hospital was not possible because the hospital is the only referral facility in the region. With this outbreak, we demonstrated that the closure of the contaminated units is not essential, and that it is sufficient to practice strict contact precautions and to reduce environmental contamination to control an outbreak of CRAB.
The PFGE results demonstrated that the patient isolates belonged to a single genotype. This finding agrees with previous observations that the majority of A. baumannii isolates in specific institutional outbreaks belonged to a single clone (26) , while polyclonal outbreaks and sporadic strains coexisting with epidemic strains have also been reported (27, 28) . As compared to isolates from patients, isolates from the environmental samples had diverse genotypes. This result indicates that a specific genotype might be more virulent than the others. To date, only a few virulence factors have been reported for this particular bacterial strain (29, 30) . More studies are needed to identify other associated factors.
The present study was limited by the lack of routine surveillance culture for all patients newly admitted to the ICUs. As a result, we could not discriminate new cases who acquired CRAB in the ICUs from imported cases who acquired CRAB prior to admittance to the ICUs. Another limitation was that the control measures were introduced at short intervals, which did not allow for an assessment of which strategy was the most effective.
This study shows that the extensive spread of CRAB can occur through contact with HCWs and the environment, and that proper strategies including strict contact precautions, massive environmental decontamination, and use of a closed-suctioning system can be effective for the control of a CRAB outbreak.
